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Introduction
Since the discovery of the wage curve by Blanchflower and Oswald (1990 , 1994 , 1995 in the early 1990s, a large strand of the literature has been devoted to this topic. Blanchflower and Oswald (1995) present evidence for a negative relationship between wages and the regional unemployment rate. Such a curve can be rationalized by profit maximization in non-competitive markets. One explanation of why a worker living in a high unemployment area earns less than a jobholder with the same individual characteristics in an area of low unemployment is given by the efficiency wage model (cf. Blanchflower and Oswald 1994; Card 1995) . Employers have the opportunity to lower the efficiency premium when outside options of workers are reduced in deteriorating labour markets. Blanchflower and Oswald (1994) detected a stable elasticity of wages with respect to unemployment of around -0.10 for a number of countries and periods. However, this "empirical law of economics" (Card 1995) could not be confirmed by follow-up studies. Although the difference to the bias-corrected estimate of -0.07 of Nijkamp and Poot (2003) is small, their meta-study shows considerable heterogeneity among estimated wage curve elasticities. Even after excluding outliers, elasticities vary between -0.50 and +0.10. Non-unique results are also striking in the German case.
Controlling for regional fixed effects Wagner (1994) does not find a significant relationship between wages and unemployment for West Germany in the second half of the 1980s. Similarly, Pannenberg and Schwarze (1998) fail to detect a standard wage curve for East Germany in the early 1990s. In contrast, after controlling for endogeneity of the unemployment rate, the study of Baltagi, Blien and Wolf (2000) is favourable to the existence of an East German wage curve in the 1990s. Pannenberg and Schwarze (2000) investigate the wage curve for West Germany at the regional level for a period of five years before and after the German unification.
From an error correction framework, a dynamic autoregressive wage curve equation is derived with region-and time-specific fixed effects. While there is evidence for an inverse relationship between wages and unemployment in the long-run, substantial inertia occurs in the short-run. Nonetheless, the outcome supports the existence of a long-run relationship between wages and unemployment with partial adjustment towards the long run equilibrium. The cointegration approach of Ammermüller et al. (2010) confirms a weakly significant negative long-run effect of regional 2 unemployment on wages with partial adjustment. These results are in line with the analysis of Baltagi, Blien and Wolf (2009) who revealed a wage curve for West Germany with substantial autoregressive behaviour.
Previous studies are often plagued by serious deficts. For instance, inconsistent parameter estimates may arise from ignoring the endogeneity of the unemployment rate. Moreover, labour market conditions in surrounding regions are often excluded and may constitute an omitted variable bias (cf. Greene 2011, p. 386) . Longhi, Nijkamp and Poot (2004) refer to the theory of monopsonistic competition to justify the presence of unemployment spillovers in the wage function. If commuting costs to workplaces outside the home region are relatively low, working conditions in neighbouring regions will likely affect the bargaining power of workers and employers. In contrast to Büttner (1999) , Longhi, Nijkamp and Poot (2004) do not find an inverse effect of unemployment in neighbouring regions on local wages for West Germany. Büttner (1999) discovers even a higher unemployment elasticity in absolute value if larger labour markets are considered. This finding is corroborated by the recent studies of Fingleton and Palombi (2013) and Kosfeld and Dreger (2017) at the district level. Baltagi, Blien and Wolf (2012) argue that myopic behaviour of agents in labour markets is a possible explanation for the lack of unemployment spillovers. In their spatial approach to the East German wage curve, Elhorst, Blien and Wolf (2007) discuss a test structure for estimating the wage curve elasticity without unemployment spillovers. In contrast to Western Germany, evidence on the role of spatial effects in wage determination and labour market adjustment is scarce for East Germany. Regional labour markets are still very distinct in both areas, with respect to labour supply, labour productivity, wages, unemployment, bargaining coverage and union density (Schnabel 2016 ).
This paper investigates the relationship between wages and unemployment for East
German regions over the period of 1995 to 2010. The East-West divide in the levels of wages and unemployment is a cogent cause for not mixing data sets of both parts of the economy. Responses of wages to changes in unemployment are expected to differ under diverse labour market conditions. In slack labour markets very limited wage cuts may not necessarily cause workers to quit their jobs. Large scale active labour market programs were launched in East Germany to support the economic transformation and to tackle the social consequences of higher unemployment (Hagen 2003) . For these reasons, the existence of an East German wage curve defines a distinct topic of research (cf. Pannenberg and Schwarze 1998; Baltagi, Blien and Wolf 2000; Elhorst, Blien and Wolf 2007) .
We extend the stock of knowledge in this area in several respects. First, the influence of labour market conditions in neighbourhood regions on local wages is examined.
Up to now, no results on the role of spatial unemployment spillovers is available for East Germany. Second, wage dynamics are investigated on the basis of a spatial error correction model where adjustment to equilibrium is examined with respect to time and space. This leads to the concepts of global and local cointegration essential for the analysis. Third, we show that the impact of direct and spatial effects may be seriously biased if the regional units are defined by administrative boundaries.
Therefore, wage curve elasticies should be estimated in the framework of labour markets delimited by functional criteria.
The paper is structured as follows. Section 2 reviews the literature on the wage curve with a special focus on the German evidence. Section 3 outlines the concept of the wage curve extended by spatial effects. The econometric metholology is discussed in section 4, and the empirical findings are presented in Section 5. Section 6 provides a sensivity analysis of the results, and Section 7 concludes with some policy recommendations.
Previous studies on the wage curve
The negative relationship between wages and regional unemployment detected by Oswald (1994, 1994) claimed a stable unemployment elasticity of wages of approximately -0.1, independent of the time period and the countries in the analysis. Since the mid of the 1990s this "empirical law" triggered numerous empirical studies. A lot of research was done for the German economy. The strand of panel studies on the German wage curve was launched by the work of Wagner (1994) and Baltagi and Blien (1998) who provided evidence for the relationship in pre-unification periods.
After 1990 the analysis of the wage curve is still conducted separately for the Western and Eastern part of Germany due to substantial differences in economic conditions. Virtually all studies make use of the same regional and temporal disaggregation. Annual data for different time periods are analysed for urban and 4 rural districts according to the NUTS-3 classification of the European Union.
3 The studies differ essentially in the way they cope with multilevel data, the endogeneity problem, spatial and dynamic effects. The nonstationarity of variables is usually ignored. For the West German case, wage curves for different groups of workers have been estimated too.
Pannenberg and Schwarze (1998) estimate the wage curve for Eastern Germany with data drawn from the German Socio Economic Panel over the 1992-94 period.
After linking individual data to the 35 labour office districts a negative employment elasticity is found in a pooled OLS model with fixed regional effects. However, feasible GLS estimation of a panel model with random individual and regional fixed effects does not confirm the finding, as the negative relationship is no longer significant. After replacing the unemployment rate by the regional job search rate the authors find a wage curve elasticity of -0.14 which is significant at the 5% level. The broader measure of labour market slack is used to account for large scale active labour market programs. The elasticity declines to -0.53, if simultaneity bias is taken into account.
As the study of Pannenberg and Schwarze (1998) is restricted to a short period at the start of transition of a centrally planned economy to a market economy, one can scarcely interpret their finding in favour a long-run relationship between wages and regional unemployment. Excluding the first two transition years from their sample, Baltagi, Blien and Wolf (2000) examine the existence of an East German wage curve over the 1993-98 period. Using regional unemployment rates of the 114 administrative districts, the effective sample size is increased considerably. On the basis of the two-ways fixed effects estimator the wage curve is not supported. The picture changes when the unemployment rate is instrumented by exogenous regressors and their lagged values. After controlling for endogeneity of the unemployment rate in this way, first-difference 2SLS estimation yields a highly significant overall unemployment elasticity of -0.15.
Regions usually refer to administrative boundaries. Büttner (1999) argues that the neighbouring regions may be related through common shocks and activities of The recent study of Kosfeld and Dreger (2017) on the relationship between wages and unemployment focuses on West Germany. The work integrates spatial effects in a panel cointegration framework. Using panel data for 325 NUTS-3 regions over the period 1995-2005, a stable long-run wage curve with spatial effects is found. The unemployment spillover effect turns out to be even stronger than the local impact of unemployment on wages. However, the instrumental variable (IV) estimator of the unemployment elasticity is below one-tenth of the value suggested by Oswalds's (1995, 2005) empirical law.
The concept of the wage curve
The wage curve postulates a negative relationship between the wage rate of workers and the regional unemployment rate. The standard approach renders the relationship between individual wages, w irt , and the regional unemployment rate, u rt , controlled by a set of individual characteristics X 1irt , X 2irt , …, X mirt as well as region and time fixed effects, α r• , and α •t , respectively:
The parameter β denotes the unemployment elasticity and the parameters are the regression coefficients of control variables like age, gender, education, industry and firm size. Finally, ε irt is an idiosyncratic disturbance.
Competitive models of the labour market fail to explain the negative association between individual wages and regional unemployment (Blanchflower and Oswald 1995; Card 1995) . Thus, the wage curve is based on non-competitive market structures. A negative linkage between unemployment and wages could be explained by the labour contract and union bargaining models. Although pacts of employment and competitiveness relieved wage agreements at the firm level in Germany (Seifert and Massa-Wirth 2005) , collective bargaining is still dominant (Fitzenberger, Kohn and Lembcke 2013) . However, collective agreements refer to the industrial, not to the regional level (Fitzenberger, Kohn and Lembcke 2013) .
The efficiency wage hypothesis provides an explanation of wages that is not linked to a particular institutional setting. According to the model proposed by Shapiro and Stiglitz (1984) , employers offer wage premiums to promote workers' efforts and avoid shirking. The higher the unemployment rate, the more difficult workers will find a new job in case of a dismissal. Against this backdrop, firms can afford to offer lower wage premiums in slack labour markets. Therefore, a negative link between regional unemployment and wages is expected. With the labour turnover model (Campbell and Orszag 1998) as a special variant of the efficiency wage hypothesis, the wage curve is drawn on fixed costs for recruiting and training. As these costs might be rather high, employers will accept a premium on top of the bill to keep current employees and discourage them to quit. Wage premiums will be lower in periods of economic downturns, where it is less likely that workers quit and find new jobs.
Both the efficiency wage hypothesis and the labour turnover model can be adopted into a system of interacting regions (Longhi, Nijkamp and Poot 2006) . The power of threat of shirking or quitting to workers is not only represented by local labour market conditions but also by the unemployment rate in proximate regions (Fingleton and Palombi, 2013) . The regional dimension is introduced by monopsonistic competition.
In view of commuting flows across regions, local labour markets cannot be longer treated as isolated entities. In the presence of spatial interactions among neighbouring territories, competition for workers takes place within and between proximate labour market areas. Thus, local wages w rt are determined by unemployment in the own and neighbouring regions, u rt and SL(u rt ), after controlling for individual characteristics X jrt and region and time fixed effects:
The spatial spillover unemployment elasticity of pay, β*, measures the effect of the spatially weighted unemployment rate of proximate regions, )) SL(log((u rt , on the own region's wage rate. The spillover variable )) SL(log((u rt is operationalized with the aid of a matrix of spatial weights Ω*. Here, the contiguity concept is employed, where * rs ω is set equal to 1 if the regions r and s, r≠s, share a common boundary and 0 otherwise. As arobustness check, we also use spatial weights corresponding to travel time between the regions. s. Using row-standardized weights rs ω (Anselin and Bera 1998, p. 243) , the spatial lag of the unemployment rate can be written as
Global cointegration and spatial error correction
The variables in the standard and spatial wage curve (1) and (2) are measured for different types of statistical units. While the wage w irt refers to individuals, the unemployment rate u rt relates to regions. Adverse effects occur when workers in the same labour market share common components of variance reflected in explanatory variables and disturbances. In this case, the errors ε irt will be positively autocorrelated across individuals in the same labour market. Due to the common group effect, the standard error of the response coefficients will be downward biased (Moulton 1990 ).
To account for the Moulton bias, usually individual aggregation is conducted when spatial effects come into play, regardless of the estimation strategy (Baltagi, Blien and Wolf 2012) . Here the common group effect is addressed by averaging individualspecific variables over all workers in labour market r in period t:
In this specification, the control variables of the spatial wage curve (3), X 1rt , X 2rt , …, X mrt , reflect observable regional characteristics. To account for omitted variables that are correlated across space, a spatially autocorrelated error process can be adopted: Another problem will occur due to the endogeneity of the unemployment rate. From the standard FE panel model it is known that the unemployment elasticity will be downwardly biased and inconsistent in this case (Baltagi and Blien 1998; Baltagi, Baskaya and Hulago 2012) . Baltagi and Blien (1998) show that the wage curve elasticity is indeed sensitive to endogeneity. To avoid the resulting bias, the regional unemployment rate should be instrumented with time lags of the unemployment rate and the control variables. Specifically, one-and two-period lags of the regional unemployment rate are chosen jointly with the contemporary and lagged control variables as instruments.
If the wage curve constitutes a long-run equilibrium relationship, the model (3) can be interpreted as a cointegrating equation between wages, unemployment and regional characteristics. By noting the autoregressive nature of wage bargaining, Blanchflower and Oswald (2005) view "the data as being characterized by dynamic fluctuations around a long-run wage curve".
In order to be cointegrated, at least two variables must share the highest order of integration. Panel unit root tests usually assume independent time series across the panel members. This assumption is particularly violated in spatial panels. Pesaran (2007) 
In this approach, the common factor is proxied by the cross-section mean t y and its lagged value. For non-trended data the cross-sectionally augmented IPS test (CIPS test) already has satisfactory size and power for moderate values of n and T. For trended data, however, the power of the test starts to raise with n only for T>30.
Recent studies on the wage-unemployment nexus discovered not only the relevance of spatial effects but also a central role of wage inertia Wolf 2009, 2012; García-Mainar and Montuenga-Gómez 2012; Ramos, Nicodemo and Sanroma 2015) . Although Blanchflower and Oswald (1995) already pointed to error-correction models as suitable tools to distinguish between short run dynamics and a long-run equilibrium, studies usually introduce dynamics by adding lagged wages and unemployment rates. The notion of modelling inertia of wage adjustment by an error correction mechanism (ECM) in a regional setting has been taken up by Ammermüller et al. (2012) . However, spatial effects are usually neglected. While adjustments to equilibrium wages within the regions are considered, the between effects are excluded.
Recently, Felsenstein (2010, 2015) extended the standard panel error correction model by "spatializing" the adjustment to equilibrium. The error-correction mechanism is assumed to work not only within but also between the regions. While the effectiveness of local error correction is examined by the coefficient of the lagged However, the proposed methods are not optimally designed for nonstationary data. In a spatial analysis the number of regions is usually fixed as the spatial units are not sampled (Elhorst 2014, pp. 55-56) . Suppose the observable variables of a spatial panel model are integrated of order one (I(1)) and cointegrated. In this case, the nonstationary regressors are asymptotically independent from the stationary I(0) error term (Beenstock and Felsenstein 2015) . Although OLS estimators are superconsistent, the simultaneity bias is still present in finite samples. Given the fixed number of regions, the finite sample bias depends just as asymptotics on the number of periods, T. To address this bias, potentially endogenous regressors may be instrumented.
In their global cointegration analysis of Israel's housing market, Beenstock and Felsenstein (2015) provide arguments that the endogeneity bias is negligible with a sample size of T=24 for annual data. In the 2010 paper they use OLS with T=18 without any instrumentation in estimating the long-run relationship and the SpEC model. However, up to now, reliable knowledge on finite sample properties of panel cointegration is not available. In their analysis of productivity growth across Chinese provinces, Mitze and Oezyurt (2014) account for the endogenity of the spatially lagged dependent variable by applying the ML approach of Lee and Yu (2010a) even with a larger sample size of T=33. Kosfeld and Dreger (2017) apply the ML-IV method to allow for the simultaneity bias in studying the West German wage curve with an effective sample size of T=15.
In this paper, the panel cointegration analysis of the East German wage curve is conducted for both 77 administrative and 33 functional regions over a 16-year period.
By making use of one-and two period lagged variables to account for partial adjustment patterns the effectively number of observations per spatial unit reduces to T=14. With this number of time periods the endogeneity bias deserves more attention than in the aforementioned studies. For that reason, the long-run wage curve is estimated by applying the ML and OLS methods on a set of nonstationary variables with an instrumented unemployment rate as a potentially endogenous regressor.
Besides the one-and two-period lagged unemployment rate, contemporaneous and lagged control variables are used as instruments. To check the extent of a simultaneity bias, the estimation is also performed without instrumentation.
In the SpEC model the log difference of the wage rate is regressed on one-period lagged first-and second-order differenced explanatory variables and local and spatial error correction (EC) terms. As all differenced variables are stationary the simultaneity bias matters even asymptotically. Thus, the use the instrumental variables (IV) technique is invariably indicated here in the presence of endogenous regressors. Again the consequences of instrumentation on relevant parameter estimates is checked.
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Defining regional areas
In almost all studies, panel data on small administrative regions like districts are employed to estimate the wage curve. As these areas usually do not constitute separate labour markets, spatial effects are expected to be present. However, administrative units do not adequately reflect the scale of the underlying spatial process. Thus, in analysing spatial data from administrative regions, substantial spillovers will be confounded by error dependence evoked due to measurement problems. They can be avoided by using functional defined areas. Labour market regions are characterized by commuter flows, where the commuting distance can serve as a delimiter (cf. Kosfeld and Werner 2012; Kropp and Schwengler 2016) . We particularly draw on the factor analytic approach of Kosfeld and Werner (2012) Table 1 gives an overview of the regional characteristics. Their potential relevance for wage determination is also outlined. (5) is used with the intercept in testing for a unit root in the unemployment rate and the control variables, a linear trend is included as additional component in case of the wage rate. Table 2 reports the results of the CIPS tests for the key and control variables of the wage curve. The unit root hypothesis is rejected for the wage rate at the 5% level of significance, but not at the 10% level. As the wage rate includes a trend, the power of the test is low for the given sample size. For the unemployment rate, the unit root cannot be rejected. For the control variables, the unit root hypothesis is accepted for all but one case at any reasonable level of significance with district data. For labour market regions, the outcomes for the control variables are mixed. However, the first differenced series of nearly all tested variables are found to be stationary. Nonsignificance of the first differences only occurs for the industrial share. In view of the significant result for administrative districts, this failure of detection stationarity for functional areas may be ascribed to the small sample size. Therefore, a cointegration relationship may exist among the variables under study.
Long-run wage curve and spatial spillovers
Econometric analysis of the relationship between the wage and unemployment rate starts with estimating and testing for a potential East German long-run wage curve leaving aside spatial effects. Table 3 displays the estimation results of the fixed effects model without and with instrumentation of the unemployment rate for both levels of spatial disaggregation. In both cases the Hausman test clearly rejects the random effects specification in favour of the fixed effects model. Region and time fixed effects prove to be highly significant. Although the regression coefficient of the unemployment rate has the expected negative sign in all cases, it is only significant for labour market regions.
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. No substantive differences arise from the instrumentation of the unemployment rate in this setting. With an absolute value of roughly 3.5%, the strength of responsiveness of wages to changes in the own unemployment rate is about one third of that stated by Blanchflower and Oswald's empirical law (Blanchflower/Oswald 1994) . However, the high t-value of about 2.7 indicates that it is precisely estimated. Most control variables turn out to be significant. The estimation result reveals the problem with a purely administrative delineation. Spatial processes are not adequarely reflected at a local scale. Regional actors do not only consider labour market conditions within a narrowly prescribed region but within larger travel-to-work areas.
The influence of labour market conditions within an acceptable commuting distance on wages may lead one to expect that spatial unemployment spillovers may be present at the district level. The misspecification of the district wage curve is also indicated by the LM spatial autocorrelation test. The local version of Breusch and Pagan's scaled LM test (Croisssant and Millo 2008) clearly rejects the null hypothesis of spatial randomness irrespective of whether the unemployment rate is instrumented or not. Although the test statistic is more than halved with functional areas, regional spillovers still remain highly significant.
To capture cross-sectional dependencies, the spatially lagged unemployment rate is introduced into the wage curve. Table 4 shows that neither a direct nor a spillover effect of the unemployment rate can be established for administrative districts. This outcome may appear somewhat strange in view of a highly significant estimate of the unemployment elasticity in travel-to-work regions. However, main commuter flows of surrounding districts may not necessary be aligned towards the region under consideration. Moreover, travel-to-work areas are not only composed of first-order neighbours but also of higher-order neighbours. Thus, the sum of direct and spillover effects measured at the level of administrative districts can deviate substantially from the direct unemployment impacts ascertained for functional labour market regions.
This distortion is inevitable inherent with the use of administrative regions in spatial econometric analysis although to different degrees. Spillovers of labour market conditions on wages are only disclosed by assembling the centres of production with the related commuter belts. Based on functional regions a direct unemployment elasticity of 3 per cent is estimated by instrumenting the unemployment rate. This is somewhat lower in absolute terms than the estimated elasticity without instrumentation. Unemployment spillovers on wages are only revealed by IV estimation. Although the strength of both the direct and indirect effect effect are fairly identical, the weak significance of the latter indicates its greater variability. This probably reflects different intensities of interactions across regional labour markets.
In order to establish the existence of a long-run relationship between wages and regional unemployment, all panel regressions are run with region and time fixed effects. Most control variables are significant with the expected sign. A high wage level is especially traced to high shares of experienced and qualified workers.
Moreover, wages tend to rise with increasing firm size up to a turning point of about 21 30 employees. Regions with high shares of manufacturing and part-time workers are accompanied by low wages. By accounting for endogeneity of the unemployment rate, a weak negative effect is found for the share of young, unexperienced workers.
The downward pressure of higher shares of female workes on wages is not statisticaly significant. This also applies to spatial lags of the control variables.
However, omitted spatially autocorrelated variables are captured by a spatial autoregressive error process. The highly significant estimate of the autoregressive parameter means that internal shocks are not restricted to regional boundaries. At the same time, the adoption of a spatial autoregressive error process is accompanied by a higher precision of the estimated regression coefficients.
A lower responsiveness of wages to labour market conditons in East Germany is also reported by other studies. Our IV estimate falls slightly below the spatial first difference 2SLS estimate of -0.039 by Elhorst, Blien and Wolf (2007) in absolute terms. The authors do not find an East German wage curve with standard panel models.
Spatial error-correction model and dynamic spatial wage curve
The spatial error-correction model (SpEM) provides a device for testing local and spatial cointegration in the wage curve. The tests are based on the introduction of own and neighbouring regions' equilibrium deviations form the long-run wage curve.
According to whether one or both mechanisms exist, local, spatial or global cointegration of the East German wage curve is inferred. The spatial error correction model for East Germany emerges when dynamic effects are combined with the equilibrium relationship. Table 5 shows the estimated regression coefficients of the local and spatial error correction terms, EC t-1 and W·EC t-1 , along with short-run changes of the explanatory variables. Nonsignificant short-run effects on changes in wages are suppressed.
Regardless of instrumentation, the significantly negative error correction term EC t-1
indicates the presence of local error correction. Conditional to regional characteristics, almost 35 percent of long-run wage imbalances from own region's equilibrium are corrected within a year. By contrast, a spatial error-correction mechanism is not in force. Equilibrium deviations will only be corrected in case of a positive sign of the regression coefficient of the error correction term W·EC t-1 .
However, its significant and negative sign actually suggests that wage diseqilibria across neighbouring regions will not be reduced but increase over time. Thus, after controlling for regional characteristics, wages and unemployment are locally but not globally cointegrated. Table 5 additionally conveys information about which variables will induce short-run changes in the wage rate. Previous wage changes do not prove to be significant. In the short-run, changes in employment conditions in neighbouring labour markets significantly affect the adjustment of wages. Moreover, it is shown that wage changes are partly attributed to variations in regional characteristics. Significant short-run effects result from changes in the shares of younger and older workers, highly qualified employees and part-time workers. If the spatial error correction model is estimated with instruments, similar results are obtained.
Choice of spatial weights matrix and sensitivity analysis
The analysis presented above reveals the relevance of using functionally defined areas for establishing the relationship between wages and unemployment across space. With purely administrative regions, no wage curve can be detected for East
Germany. Spatial effects are identified by adopting the contiguity approach for labour market regions. As a simulation study of Stakhovych and Bijmolt (2008) Here we scrutinize the sensitivity of the results with respect to contiguity and distance-based spatial weights matrices. Because the physical and geographical distances do not reflect the costs of overcoming space, distance-based weights are formed using travel time between the regional centres. Regional centres are usually represented by the largest independent city or distríct town in the labour market regions. As full inverse distances will average out the positive spatial dependence between proximate regions (see also Longhi et al. 2006) , travel time between regional centres is varied from 60 to 120 minutes. Table 6 . Irrespective of the choice of the spatial weights matrix, a significant direct wage curve elasticity of about 3 per cent in absolute terms is obtained. Noticeable differences occur with regard to the spillover elasticity. While the negative sign is confirmed, unemployment spillovers appear to be significant with a threshold of 60 minutes, but nonsignificant for longer travel times. The autoregressive coefficient of the disturbances is highly significant, except of the shortest-distance spatial weights matrices. Stakhovych and Bijmolt (2008) suggest selecting the correct specification on the basis of log likelihood or information criteria. Because of the same number of variables in all models, the log likelihood statistic is applied. According to this criterium the contiguity approach clearly outperforms the distance approach. Table 7 reports IV estimation results of the SpEC models with different specifications of the spatial weights matrix. Irrespective of the choice of the spatial weights, local error-correction is effective. For the distance-based weights matrix, the speed of adjustment towards equilibrium tends to be slightly lower than for the contiguity matrix. In al cases, the spatial error-correction mechanism is ineffective.
Spatial disparities in equilibrium wages will persist or even increase over time.
Conclusions
Spatial econometric approaches devoted to the analysis of the wage curve usually ignore the presence of nonstationary variables. In this case, the risk of spurious regression occurs. For East Germany, the CIPS test disclosed non-stationarity of variables in the wage-unemployment nexus that may be captured in a cointegration framework. In order to analyse both local and spatial adjustment processes, a global cointegration approach is adopted. Adjustment to equilibrium along with short-run effects on wages is examined on the basis of a spatial error-correction model.
Spatial econometric analysis reveals distortions in estimating the wage curve with data from administrative areas. The effects relate to both the region's own and spillover unemployment elasticity. While no East German wage curve can be substantiated with data for administrative districts, its existence is clearly proved for functional labour market regions.
With a view to the theory of monosonistic competition, the long-run relationship between wages and unemployment is analysed in a fixed-effects model that includes the spatialy lagged unemployment rate (FE-SLX model). The relationship is controlled for effects of work experience, qualification, gender, working time, sectoral composition and firm size. A spatial error process is introduced to capture potential influences of other spatilally autocorrelated variables (FE-SLX-SEM model). In order to account for potential endogeneity, the unemployment rate is instrumented.
Applying instrument estimation methods does not substantially affect the estimate of the region's own wage curve elasticity, but the estimate of the spillover elasticity. The highly significant direct uemployment elasticity of 3 per cent corroborates the existence of a wage curve across East German labour markets. While earlier studies report a stronger responsiveness of wages to local labour market conditons, this estimate is well in line with the finding of Elhorst, Blien and Wolf (2007) . In instrumenting the unemployment rate, a weak significant spillover elasticity of roughly the same size is inferred. The lower significance reflects the greater variability of spatial externalities. Up to now, there is still a lack of knowledge on the importance of unemployment spillovers in East Germany.
On the basis of a spatial error-correction model it is revealed that wages und the unemployment rate are locally but not globally cointegrated. While the errorcorrection mechanism works within East German labour market regions, it is not effective between the functional areas. In contrast to the West German experience (see Kosfeld and Dreger 2017) , a spatial adjustment to equilibrium does not take place across East German regions. A sensitivity analysis shows the robustness of the findings with respect to contiguity-and distance-based spatial weights matrices.
Further research should pursue the cointegration approach to investigate the heterogeneity in wage curve effects and the error-correction mechanism with respect to different groups of workers and types of regions.
From a policy point of view, the finding of a local error-correction mechanism in conjunction with increasing disparities in wages across East German regions demands attention. In Germany, a discussion on the appropriate design of a system for promoting less developed regions and areas with particular structural problems from 2020 onwards has evolved. At present the common task "Improvement of regional economic structure" (GRW) mainly ensures the scattergun approach of
